INTRODUCTION
Takotsubo syndrome (TS) is an acute cardiac disease entity with a clinical and electrocardiographic presentation resembling that of acute coronary syndrome (ACS) 1, 2 . The disease is affecting predominantly women and characterized by a unique circumferential typically regional left ventricular wall motion abnormality (LVWMA) resulting in a conspicuous left ventricular ballooning during systole [1] [2] [3] . The ballooning pattern of the left ventricle may be localized to the apical, midapical, mid-ventricular, mid-basal, and basal regions of the left ventricle; focal and global patterns, and the right ventricular involvement have also been reported [4] [5] [6] . The term Takotsubo was introduced in 1990 to describe the silhouette of the left ventricle during systole, which resembles a Japanese Octopus pot, in patients presented with a clinical picture of myocardial infarction with no obstructive coronary artery disease 7, 8 . Because of the identical clinical presentation of TS and ACS, the most important point in the differentiation of the two conditions is to disclose the coronary anatomy and the LVWMA pattern. This can be achieved by invasive coronary angiography (CAG) with the advantage of performing coronary intervention if an acute coronary culprit lesion is detected especially in patients with ST-elevation myocardial infarction (STEMI) like electrocardiographic (ECG) changes. However, under certain circumstances, non-invasive cardiac computed tomography (CT) can be utilized for the same diagnostic purposes avoiding the risks of invasive CAG. Herein; a case of mid-ventricular TS diagnosed by non-invasive cardiac CT is described. A proposal for the most appropriate indications for cardiac CT in TS diagnosis with a short review is provided.
CASE PRESENTATION
A 53-year-old woman presented with dizziness, syncope and head injury. The patient was medicated for chronic anxiety and depression with Sertraline and Agomelatine (Valdoxan). She was a chronic smoker (4-5 cig/day). The patient had no history of diabetes mellitus or epilepsy. On the day of presentation, the patient was under mental stress and visited a psychiatrist for panic disorder and depression. A few hours later while being in a market, she experienced dizziness followed by syncope that led to head injury with swelling at the occipital region of the head. Witnesses observed that the patient was shaking. She had not bitten her tongue. At the emergency department, the patient did not have chest pain. She was welloriented with normal pulse and blood pressure. Clinical examination and auscultation of the heart, lungs and abdomen were normal. The neurological examination was completely normal. Emergency CT of the brain showed no evidence of intracranial bleeding or cerebral infarction. Blood glucose was normal (5.8mol/L). There was mild elevation of high sensitivity troponin T (152nanog/L). Furthermore, review of the patient`s history revealed that she had probably experienced mild chest discomfort before and after the syncope attack. Because of the basically normal electrocardiogram, the absence of real chest pain and the very mild elevation of troponin T levels, the likelihood of finding obstructive coronary artery disease was deemed to be minimal. Thus, the patient was referred for noninvasive cardiac CT. Cardiac CT data acquisition was performed on a dual source 2x64-row CT scanner, using a dose-modulated retrospectively ECG-triggered scan protocol. Interactive image processing software was used for CT data analysis. The examination revealed normal coronary arteries apart from a short segment of the left anterior descending artery (LAD) with myocardial bridging (Fig1. A, B, C, D and E). In order to assess the LVWMA, multiphase datasets were reconstructed at 5 % increments of the RR interval (0-95%) and 4-mm-thick multiplanar reformatted images were reconstructed, in standard cardiac planes. Evaluation showed circumferential hypokinesia/ akinesia of the middle segments of the left ventricle with normal/ hypercontraction of the apical and the basal segments resulting in a conspicuous ballooning of the left ventricle (FIG2. A, B, C, and D). These findings were consistent with the diagnosis of mid-ventricular pattern of TS. Right ventricular function was not assessed, since the contrast agent concentration in the right ventricle was insufficient to allow for reliable delineation of the ventricle. Echocardiography a few hours later confirmed the findings of cardiac CT, with mid-ventricular ballooning and estimated ejection fraction 53%. The patient discharged herself one day after admission on her own accord. Cardiac magnetic resonance imaging 3 months after the index presentation showed normal left ventricular contractility with normal EF 59%; there was no sign of myocardial infarction.
DISCUSSION
TS and ACS have identical clinical and electrocardiographic presentation 2 . Invasive CAG and left ventriculography are crucial to differentiate the two conditions and with the benefit of the possibility of coronary intervention once detecting a coronary culprit lesion explaining the whole LVWMA. However, invasive CAG in certain patients with acute severe medical or surgical illness (as sepsis, acute intracranial processes), which may trigger TS, implies substantial increase in the risk of complications. In a recent study by Murugiah et al 9 , a large proportion of patients were being coded with secondary diagnosis of TS who did not undergo CAG. The reasons for not performing coronary angiography are unknown but likely include the presence of lifethreatening co-morbid conditions such as terminal malignancy, patient age and frailty. In such conditions, non-invasive cardiac CT may be an appropriate alternative to invasive CAG. Furthermore, in patients with bad echocardiographic acoustic windows and in patients with contraindications to cardiac magnetic resonance imaging, cardiac CT, with the ability to provide information on both coronary anatomy and LVWMA, may also be considered. There are only a few publications in the form of case reports or images in cardiology using cardiac CT [10] [11] [12] [13] [14] in the acute setting of TS. Hara et al 10 Matsuzono et al 15 in 2013 reported on a patient with TS complicated by cerebral embolic stroke. Coronary CT in that patient showed no coronary stenosis and contrast cardiac CT demonstrated hypokinesis of the apex with a 3-cm immobile thrombus. We have recently reported on a case of simultaneous an obtuse-marginal spontaneous coronary artery dissection (SCAD) and midapical pattern of TS 16 . Cardiac CT few days after admission could detect both recurrence of SCAD in the proximal part of the right coronary artery and the mid-apical pattern of TS. The cardiac CT may provide information on LVWMA when information is acquired throughout the cardiac cycle but this implies higher radiation exposure. In patients with suspected recurrent TS, cardiac CT may be an appropriate diagnostic alternative. Maroules et al 12 in 2009 could show normal coronary arteries and visualize mid-apical left ventricular ballooning with cardiac CT in a patient with recurrent TS. In the present case where the patient had no chest pain and the ECG was normal, the cardiac CT provided sufficient information about the coronary arteries and the diagnosis of TS, thus avoiding the risks of invasive CAG. The cardiac CT showed a short segment of the LAD with myocardial bridging, which could not explain the mid-ventricular LVWMA and normal apical contractions of the left ventricle 17 . Other investigators have also proposed cardiac CT as a noninvasive imaging modality alternative to invasive CAG to exclude coronary culprit lesions in patients with non-STelevation myocardial infarction like ECG changes and a clear clinical, as an elderly woman with an emotional trigger factor, and echocardiographic picture of TS, as circumferential mid-apical pattern with distal LAD flow visualization 18 . Consequently, non-invasive cardiac CT could be utilized as an appropriate diagnostic tool instead of invasive CAG in the following circumstances: 1) when the suspicion of acute coronary syndrome is low as in the current case or the patient refuses invasive diagnostic assessment; 2) in suspected recurrent TS; 3) in patients with elevation of myocardial infarction biomarkers during acute critical illnesses such as sepsis, intracranial diseases (e.g subarachnoid hemorrhage, ischemic stroke) and other critical conditions that may be complicated by TS; 4) in patients with bad echocardiographic acoustic windows and contraindications to CMR imaging; and in 5) patients with delayed presentation after an episode of chest pain or for a retrospective evaluation of a patient with the typical history of TS weeks before.  A case of midventricular TS detected by cardiac computed tomography (CT) is presented  Non-invasive cardiac CT may be an attractive alternative for invasive coronary angiography for the diagnosis of TS in patients with severe chronic co-morbidities.
 Other indications of cardiac CT in the diagnosis of TS are described as advanced age and frailty, terminal malignancy where invasive coronary angiography may be associated with substantial risks.
